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METHOD AND COMPOSITION FOR TREATING 
ANTIGEN- INDUCED AND EXERCISE- INDUCED ASTHMA 

BACKGROUND OF THE INVENTION 

1. Field of -the Invention 

The invention relates to methods of preventing 
and reversing the symptoms and manifestations of asthma. 

2 . Description of the Prior Art 

Chronic asthma can be considered to be 
predominantly an inflammatory disease with associated 
bronchospasm. The degree of reactivity and narrowing of 
the bronchi in response to stimuli is greater in asthmatics 
than in normal individuals. Persistent inflammation is 
responsible for the bronchial hyperreactivity. Mucosal 
edema and mucus plugging and hypersecretion may be present; 
pulmonary parenchyma is normal. Airway narrowing may 
reverse spontaneously or with therapy. Type 1 (immediate) 
immune responses may play an important role in the 
development of asthma in children and many adults; however, 
when onset of disease occurs in adulthood, allergic factors 
may be difficult to identify. Exposure to cold dry air, 
exercise and other aggravating factors also may trigger 
asthma. 

The most common symptoms of asthma are 
breathlessness and chest tightness; wheezing, dyspnea, and 
cough also are prominent. Reduced pulmonary function 
typical of obstructive rather than restrictive airway 
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disease is usually observed. Asymptomatic periods often 
alternate with paroxysms. 

Of the known triggers of asthma, allergens and 
exercise have received the most attention. Both are 
powerful, naturally occurring stimuli; exercise is a 
potential factor in the daily life of every asthmatic, 
whereas allergens only effect some persons with asthma. 
Nevertheless, more is known about the effects of antigen, 
and it is only in the last several years that interest in 
the pathophysiology and treatment of exercise-induced 
bronchoconstriction (EIB) has developed. The bulk of 
current evidence demonstrates that the essential stimulus 
for the development of the bronchoconstriction is a fall in 
the temperature of the airways secondary to heat and water 
loss, that occur during the conditioning of inspired air. 
If heat loss and airway cooling are prevented, obstruction 
to airflow does not develop, and if they are augmented by 
lowering the inspired air temperature and/or water content, 
or by increasing the level of ventilation, the obstruction 
proportionately worsens. 

Despite these developments, it is not yet known 
how airway cooling produces its effects. There are a 
series of observations in the literature which suggest that 
mediators of immediate hypersensitivity may play a role. 
Although the direct effect of physical stimuli like cold on 
primed asthmatic airway smooth muscle has been proposed by 
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some, others believe that these physical stimuli are 
capable of degranulating mast cells, thus suggesting a 
central role of mast cell mediators in EIB. This however 
remains controversial. Recently, it has been demonstrated 
that leukotriene antagonists may attenuate EIB, thus 
underscoring the importance of leukotrienes and not 
histamine release from mast cells during EIB. 

The general goals of drug therapy for asthma are 
prevention of bronchospasm and long-term control of 
bronchial hyperreactivity. Because it is usually not 
possible for either patient or physician to predict when 
bronchospasm may occur, patients with all but the most 
episodic and/or entirely seasonal attacks may require 
continuous therapy. 

Beta agonists are useful; they stimulate beta 2 - 
adrenergic receptors, increase intracellular cAMP, and 
inhibit the release of inflammatory mediators. Other 
useful drugs include theophylline and related xanthine 
drugs, which produce bronchodilation through unknown 
mechanisms; the biscromone, cromolyn, which prevents the 
release of mediator substances and blocks respiratory 
neuronal reflexes, and corticosteroids, which primarily 
decrease inflammation and edema. Anticholinergic drugs may 
relieve bronchospasm by blocking parasympathetic 
cholinergic impulses at the receptor level. Antihistamines 
occasionally prevent or abort allergic asthmatic episodes, 
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particularly in children, but they can only be partially 
effective in asthma because histamine is only one of many 
mediators . 

Standard treatment for exercise-induced asthma 
includes the use of an inhalant. Beta 2 -adrenergic agents 
administered 15 minutes before exercise provide some 
protection from broncho-constriction for up to four hours, 
and cromolyn sodium administered up to two hours prior to 
exercise may afford limited protection in some patients. 

The current drug modalities used for treatment of 
allergy-induced and exercise-induced asthma suffer from a 
number of drawbacks. In general, the conventional agents 
have a relatively short duration of action and must be 
repeatedly administered for prophylaxis. Moreover, because 
of serious adverse effects associated with the use of 
agents such as beta 2 - adrenergic agonists and 
corticosteroids, the therapeutic margin of safety with such 
agents is relatively narrow and patients using them must be 
carefully monitored. In the case of exercise- induced 
asthma or bronchoconstriction, the current treatment 
regimens are inadequate and often of only limited 
prophylactic value. 

SUMMARY OP THE INVENTION 

It is an object of the present invention to 
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provide a method and compositions for treatment of both 
antigen-induced and exercise-induced asthma which do not 
suffer from the drawbacks of the prior art. 

It is a further object of the present invention 
to provide a method and compositions for the treatment of 
asthma which have long-term prophylactic effects and are 
also effective in reversing the manifestations of an 
asthmatic episode. 

Still another object of the present invention is 
to provide a method and compositions as described above 
which are highly effective in preventing the onset of 
exercise-induced asthma . 

Yet a further object of the present invention is 
to provide a method and compositions as described above 
which are safe, simple and relatively inexpensive. 

In keeping with these objects and others which 
will become apparent hereinafter, the invention resides in 
a method of treating a patient suffering from antigen- 
induced or exercise-induced asthma through the 
intrabronchial administration to the patient of a 
pharmaceutical composition comprising from about 300 to 
about 2,000 units of heparin per kilogram of patient body 
weight in each dose, with about 1 to 4 doses administered 
daily. Novel inhalant heparin compositions are also 
provided in the form of liquid or powdered nebulizer or 
aerosol compositions containing suitable concentrations of 
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BRIEF DE8 CRIPT TON OF THE DRAWINGS 

FIG. l is a bar graph showing the effect of 
increasing doses of inhaled heparin on bronchoconstriction, 
with data given as mean ±SE% increase SR^ (specific lung 
resistance) . 

FIG. 2 is a bar graph comparing the effects of 
benzyl alcohol, dextran sulfate and N-desulfated heparin on 
antigen-induced bronchoconstriction. The open bars 
represent control data, while post-drug treatment data are 
shown in hatched bars. 

FIG. 3 is a bar graph comparing the effects of 
inhaled heparin on bronchoconstriction responses induced by 
antigen, compound 48/80 and histamine. 

FIG. 4 is a bar graph showing the time-dependent 
inhibition of antigen-induced bronchoconstriction by 
inhaled heparin (1,000 units/kg). Data are shown as mean 
±SE. Starred values are significantly different from 
control (p<0.05). 

FIG. 5 includes four graphs showing the in vitro 
effects of heparin on antigen-induced tracheal smooth 
muscle contraction in sheep: 

5A - Shows the inhibition of antigen-induced 
contraction by increasing doses of heparin; the tension is 
plotted as a percent of the acetylcholine maximum reflected 
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in 5C. 

5B - Shows comparative inhibition by heparin (H) 
and nedocromil (NED) of antigen- induced tracheal muscle 
contraction. 

5C - Shows failure of heparin to modify 
acetylcholine-maximal tension. 

5D - Shows failure of heparin and nedocromil to 
modify acetylcholine-tracheal muscle contraction as shown 
by EC 50 . 

FIG. 6 includes bar graphs reflecting the effects of 
inhaled heparin (1,000 units/kg) on exercise-induced 
bronchoconstriction in 3 human subjects, with data shown as 
percent decrease in specific airway conductance (SG flW ) . 

DETAILED DESCRIPTION OF THE INVENTION 
Heparin, a sulfated mucopolysaccharide, is 
synthesized in mast cells as a proteoglycan and is 
particularly abundant in the lungs of various animals. 
Heparin is not a specific compound of fixed molecular 
weight but is actually a heterogenous mixture of variably 
sulfated polysaccharide chains composed of repeating units 
of D-glucosamine and either L-iduronic or D-glucuronic 
acids. The average molecular weight of heparin isolated 
from animal tissues ranges from about 6,000 to about 30,000 
Da. 

Pharmacologically, heparin is known primarily as 
an anticoagulant. This activity results from heparin's 
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ability to bind to some of the residues of antithrombin XII 
(AT-III) , accelerating the neutralization by AT-III of 
activated clotting factors and preventing the conversion of 
prothrombin to thrombin. Larger amounts of heparin can 
inactivate thrombin and earlier clotting factors, 
preventing conversion of fibrinogen to fibrin. 

The anticoagulant activity of heparin is related 
to the molecular weight of its polysaccharide fragments; 
low molecular weight components or fragments (for example, 
fragments having a molecular weight of less than 6,000) 
have moderate to low antithrombin and hemorrhagic effects. 
Similarly, low molecular weight heparins isolated from 
animal tissue have reduced anticoagulant properties because 
they consist primarily of the lower molecular weight 
fragments or fractions. 

Commercial heparin, which is generally derived 
from beef lung or pork intestinal mucosa, has an average 
molecular weight of about 15,000-17,500. 

It has now been discovered, surprisingly, that 
heparin administered intrabronchially is a potent and long- 
acting inhibitor of bronchospasm and bronchoconstriction 
and is consequently of great value in preventing and 
treating asthmatic episodes. Accordingly, the method of 
the present invention comprises the intrabronchial 
administration to a patient suffering from antigen-induced 
or exercise-induced asthma of a pharmaceutical composition 
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containing about 300 to about 2,000 units of heparin per 
kilogram of body weight in each dose, and preferably about 
500 to about 1000 units/kg per dose. 

As a general rule, heparin dosage is prescribed 
in units rather than milligrams. The U.S. P. standard for 
minimal heparin potency is 12 0 units/mg of dry material 
derived from lung tissue and 14 0 units/mg of dry material 
derived from other sources, with the U.S. P. unit being 
about 10% greater than the international unit (IU) . The 
potency of commercial preparations ranges from 140 to 190 
units/mg. 

In accordance with the invention, a patient 
suffering from allergic or antigen- induced asthma is 
administered one dose of a heparin-containing inhalant 
composition from 1 to about 4 times daily, and preferably 
from 2 to 4 times daily, although more frequent 
administration can be utilized in the case of severe 
bronchospastic episodes. A patient suffering from 
exercise-induced asthma is administered one dose of a 
heparin-containing inhalant composition from about 3 0 
minutes to about 3 hours before exercising. Additional 
doses may be given as needed during and after exercise. 

Although it would be undesirable to administer 
heparin of significant anticoagulant potency to asthmatic 
patients in a manner which would cause the heparin to enter 
the bloodstream and induce hemorrhagic effects, it has been 



SUBSTITUTE SHEET 



WO 93/19734 



PCT/US93/02880 



10 

discovered that even commercial heparin can be used in the 
method of the present invention without inducing such 
effects or increasing clotting time as measured by partial 
thromboblasts time (PTT) . It is believed that the lack of 
anticoagulant activity observed with intrabronchially 
administered heparin results from the facts that (a) only a 
small amount, perhaps not more than 10%, of the active 
ingredient in a dose of any inhalant composition actually 
remains in the lungs and acts on lung tissue, and (b) 
heparin apparently binds to various sites in the bronchial 
mucosa and does not escape into the general circulation to 
any significant degree. 

Nevertheless, it is preferred for purposes of the 
novel treatment methods to use as active ingredients low 
molecular weight heparins or heparin fragments having an 
average molecular weight of about 1,500 to about 6,000, and 
preferably from about 4000 to about 5000. Because of the 
reduced anticoagulant potency of the lower molecular weight 
heparin materials, there is little risk of adverse 
hemorrhagic effects associated with their usage; yet they 
exhibit excellent antiasthmatic properties. 

Examples of low molecular weight heparin which 
may be used in the method and compositions of the present 
invention include: Fraxiparine (Choay, Paris, France), 
Lovenox (Pharmuka, Gennevilliers, France) , Fragmin 
(Kabivitrum, Stockholm, Sweden) , OP 2123 (Opocrin, Corlo, 
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Italy) , RD heparin (Hepar, Franklin, Ohio) , LHN-1 (Novo, 
Copenhagen, Denmark) , CY222 (Choay) and unf ractionated 
porcine mucosal heparins of sodium salt: (Choay and Hepar) . 
Although the in vivo potency of these various materials may 
differ significantly in terms of antithrombotic activity, 
Doutremepuich et al., Thromb.Res. . 55 ; 419^426 (1989), they 
are all useful as antiasthmatic agents. 

Natural and synthetic heparin fragments may also 
be used with great effectiveness in the subject method of 
treatment. Natural heparin fragments are those obtained by 
fractionation of commercial heparins by degree of affinity 
for antithrombin and subsequent extraction or chemical or 
enzymatic depolymerization to yield active and inactive 
fractions. Synthetic heparin fragments are sulfated 
oligosaccharides generally synthesized starting from 
glucose and glucosamine. Several examples of such 
fragments are set forth in Petitou, Nouv . Rev . Fr . 
Hematol . , 26z 221-226 (1984), the disclosure of which is 
incorporated by reference herein. 

Another form of heparin which is of particular 
value for use in the present method because of its almost 
total lack of anticoagulant activity is partially N- 
desul fated heparin. Whereas unfractionated heparin 
contains 100% N-sulfate groups, partially N-desulfated 
heparin preparations may have only 25-85% N-sulfate groups. 
Many heparins of this type have been found to have high 
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antithrombotic activity and low hemorrhagic effects. 
Several examples of N-desul fated heparin preparations are 
disclosed in Sache et al., Thromb.Res. . 55 : 247-258 (1989) 
and Nagasawa et al., J . Biochem . 81 ; 989-993 (1977), the 
disclosures of which are incorporated by reference herein. 

Any other form of heparin or heparin fragment 
which has little or no anticoagulant activity may also be 
used in the method of the present invention* 

The term "heparin" as used hereinafter in 
unqualified form shall be understood as comprehending 
heparin (heparinic acid) , commercial heparin, and those low 
molecular heparins, natural and synthetic heparin fragments 
or fractions, partially N-desulfated heparins and other 
non-anticoagulant heparins which exhibit anti- 
bronchospastic and anti-bronchoconstrictive activity. 

The inhalant heparin compositions used in the 
present invention may comprise liquid or powdered 
compositions of heparin suitable for nebulization and 
intrabronchial use or aerosol compositions administered via 
an aerosol unit dispensing metered doses. 

Suitable liquid compositions comprise heparin in 
an aqueous, pharmaceutical^ acceptable inhalant solvent, 
e.g., isotonic saline or bacteriostatic water. The 
solutions are administered by means of a pump or squeeze- 
actuated nebulized spray dispenser, or by any other 
conventional means for causing or enabling the requisite 
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dosage amount of the liquid composition to be inhaled into 
the patient's lungs. 

Suitable powder compositions include , by way of 
illustration, powdered preparations of heparin thoroughly 
intermixed with lactose or other inert powders acceptable 
for intrabronchial administration* The powder composition 
can be administered via an aerosol dispenser or encased in 
a breakable capsule which may be inserted by the patient 
into a device that punctures the capsule and blows the 
powder out in a steady stream suitable for inhalation. 

Aerosol formulations for use in the subject 
method typically include chlorof luorocarbon propeliants, 
surfactants and co-solvents and my be filled into aluminum 
or other conventional aerosol containers which are then 
closed by a suitable metering valve and pressurized with 
propellant. 

The concentration of heparin in any vehicle 
suitable for use in accordance with the present invention 
must be sufficiently high to provide the required dose of 
about 3 00-2,000 units of heparin/kg. Thus, for example, if 
a metered dose aerosol dispenser administers 4 ml of liquid 
per dose, the concentration of heparin in the aerosol in 
the case of a patient weighing 75 kg should be 5,625-37,500 
units/ml. 

As those skilled in the pharmaceutical arts will 
appreciate, many conventional methods and apparatus are 
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available for administering precisely metered doses of 
intrabronchial medicaments and for regulating the desired 
dosage amount in accordance with patient weight and 
severity of the patient's condition. Moreover, there are 
many art-recognized liquid, powdered and aerosol vehicles 
suitable for the intrabronchial heparin composition of the 
present invention. The invention is not limited to any 
particular inert vehicles, solvents or carriers and is not 
restricted to any particular methods or apparatus or 
intrabronchial administration. 

The heparin compositions described herein provide 
highly effective and long-acting prophylaxis for antigen- 
induced and exercise-induced asthma. Many patients will 
require no more than two doses of intrabronchial heparin 
daily to remain symptom-free. 

The following examples illustrate the methods and 
compositions of the invention and set forth various studies 
and experiments performed on animal and human subjects with 
respect thereto. These examples are not intended, however, 
to set forth compositions, procedures or dosage regimens 
which must be utilized exclusively to practice the 
invention. 



EXAMPLE } 

Effect of inhaled heparin on anfigQn- induced 
bronchoconstricti on . These experiments were conducted in 8 
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allergic sheep. Each animal was studied on 5 different 
experiment days, at least 2 weeks apart. For the control 
antigen experiment, after baseline measurements of specific 
lung resistance (SR,) the sheep were challenged with 
aerosolized Ascaris suum antigen (400 breaths, 1:20 
dilution) , and measurements of SR l repeated within 5 min. 
In order to evaluate the effect of aerosolized heparin on 
antigen- induced bronchoconstriction , on 3 separate days the 
sheep were pretreated with increasing doses of heparin 
(100, 300 and 1,000 units/kg), and antigen challenge was 
performed immediately thereafter. Measurements of SR L were 
obtained before and after nebulization of heparin, and 
immediately after the antigen challenge (12) . 

On two separate occasions inhalation challenge 
with Ascaris suum antigen produced marked 

bronchoconstriction; mean ± SE SR L increased by 367 ±119% 
and 314±88% above baseline, respectively (fig- 1) . Inhaled 
heparin per se had no effect on baseline SR L , but it 
attenuated the antigen-induced bronchoconstrictor responses 
in a dose-dependent fashion. Mean SR L increased by 313 ± 
87%, 151 ±69% and 24 ± 20% above baseline with 100, 300 and 
1,0000 units/kg of heparin, respectively (fig. 1). The 
increases in SRL with 300 and 1,000 units/kg of heparin 
were significantly lower than antigen control (p<0.05). 

EXAMPLE 2 

Specificity of heparin action . - To study the specificity 
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of heparin action and to exclude the possibility that 
antiallergic action of heparin may be related to its ionic 
charge or alcohol preservative, additional experiments were 
conducted in allergic sheep on 3 separate days, and 
compared to control antigen data. Measurements of SR L were 
obtained before and after the sheep were pretreated with 3 
ml of either inhaled dextran sulfate (lOmg/kg) , benzyl 
alcohol preservative (O.Olml/ml) or De-N-sulfated heparin 
(lOmg/kg) . The sheep were then challenged with Ascaris 
suum antigen and measurements of SRL were repeated. The 
De-N-sulfated heparin dextran sulfate failed to attenuate 
the antigen- induced bronchoconstriction (fig. 2) . These 
findings suggested that the inhibitory action of heparin is 
not related to its anionic molecular charge or 
mucopolysaccharide structure, as demonstrated by failure of 
dextran sulfate to modify antigen- induced 

bronchoconstriction. Failure of heparin diluent to modify 
antigen-induced airway responses excluded any non-specific 
effects of alcohol preservative; whereas failure of De-N- 
sulfated heparin also demonstrated the specificity of 
heparin action and underscored the importance of N-sulfated 
group of heparin molecule in the mediation of its 
antiallergic action. 

Effect of heparin on compound 48/80-induced 
bronchoconstriction rn=m T - m order to test whether 
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heparin modifies both immunologic and non-immunologic mast 
cell-mediated reactions, additional experiments were done 
in sheep challenged with compound 48/80 which causes non- 
immunologic, non-cytolytic mast cell degranulation. These 
experiments were conducted on 2 separate days. After 
baseline measurements of SR L the sheep received an 
inhalation challenge with compound 48/80 (400 breaths, 5% 
solution) and measurements of SJ^ were repeated immediately 
thereafter. On a different experiment day, the sheep were 
pretreated with aerosolized heparin (1,000 units/kg); 
measurements of SR L were obtained before and after heparin, 
and airway challenge with compound 48/80 was then 
performed, and measurements of SR L repeated. Pretreatment 
with inhaled heparin (1,000 units/kg) markedly attenuated 
the compound 48/80-induced bronchoconstrictor responses; 
mean SR L increased by 35 ± 13% above baseline, which was 
lower than the increase in SR L of 374 ± 72%. with compound 
48/80 alone (p<0.05) (fig. 3). 

EXAMPLE 4 

Effect of heparin on agonist-induced bronchoconstriction . 
- In order to exclude any direct effects of heparin on 
airway smooth muscle, we also studied the effect of inhaled 
heparin (1,000 units/kg) on carbachol (n=5) and histamine 
(n=8) induced bronchoconstriction. After obtaining 
baseline measurements of SRl, the sheep were challenged with 
aerosolized carbachol (10 breaths, 2.5% solution) or 
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histamine (50 breaths, 5% solution) and measurements of SP^ 
were repeated. On separate days, the sheep were pretreated 
with inhaled heparin (1,000 units/kg) and the agonist 
challenges were repeated immediately thereafter, as 
described above. 

The dose of inhaled heparin (1,000 units/kg) 
which markedly attenuated antigen- and compound 48/80- 
induced bronchoconstriction, failed to modify 
bronchoconstriction induced by carbachol and histamine. 
After carbachol challenge, mean SH^ increased by 652±73% and 
657±56% above baseline, without and following pretreatment 
with heparin, respectively (p=NS) . Aerosol histamine 
produced a similar degree of bronchoconstriction whether 
histamine was dissolved in buffered saline or in heparin 
solution (ASR,=258 ±49% vs 175±40%) (fig. 3) . 

EXAMPLE 5 

Effect of inhaled heparin on r>a-r-t-j a l thromboplastin -Mmo 
In order to exclude any effect of inhaled heparin on PTT, 
venous blood (5 ml) was obtained before and 20 min after 
nebulization of heparin (1,000 units/kg) for analysis of 
PTT (n=7) . The highest dose of inhaled heparin used in the 
study (1,000 units/kg) failed to modify the plasma partial 
thromboplastin time; mean values were 30±2 and 31 ± 2 
seconds before and after aerosol heparin (p=NS) . in 
subsequent experiments, we have also observed that inhaled 
heparin (1,000 units/kg) in sheep does not alter PTT, when 
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studied immediately after nebulization, or 6-12 hours post- 
heparin. These findings suggested that the antiallergic 
action of heparin is probably related to non-anticoagulant 
properties of heparin. 

EXAMPLE 6 

Pharmacodynamics of heparin action . - In this 
investigation, we studied the pharmacodynamics of 
antiallergic action of heparin. SR,^ was measured in 8 sheep 
allergic to Ascaris suum antigen, before and after 
inhalation challenge with antigen. On 4 different days, 
antigen challenge was repeated after pretreatment with 
aerosol heparin (1,000 units/kg) administered 20 min, 6 
hrs, 12 hrs and 24 hrs prior to antigen challenge. SR L 
(mean ±\SE) increased by 374 ±116% above baseline with 
antigen alone (p<0.05). Aerosol heparin attenuated the 
antigen effects in a time-dependent fashion. The peak 
inhibitory effect of aerosol heparin was observed at 2 0 min 
pretreatment, and the degree of inhibition decreased with 
time; SR L values were 31 ± 29%, 99 ± 38%, 142 ±40% and 
306±60% for 20 min, 6 hrs, 12 hrs, and 24 hrs 
pretreatments , respectively (fig. 4) • From these 
pharmacodynamic studies we concluded that antiallergic 
effects of heparin are time-related and the peak effect of 
inhaled heparin is observed soon after administration. 
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EXAMPT.F 7 

In vitro effects of heparin o n antigen- indued traeh^l i c 
muscle contraction . - we have also tested the antiallergic 
actions of heparin by determining if heparin blocked 
immunologically-induced tracheal smooth muscle contraction 
in vitro . Tracheal smooth muscle was obtained from sheep 
allergic to Ascaris suum antigen, and was suspended in an 
organ bath containing warmed (39°C) oxygenated (95% 0 2 , 5% 
C0 2 ) Krebs-Henseleit buffer. Tissues were allowed to 
equilibrate for 1 hr at resting tension of 1 g. After the 
equilibration period, the tissues were treated with heparin 
(injection USP, Elkin-sinn) at concentrations of 10, 100, 
or 1000 fig/ml (final concentration in the bath) dissolved 
in 10 nl DMSO. Two types of controls were used: vehicle 
(10 fil DMSO) treated tissues and tissues treated with the 
anti-asthma drug, nedocromil sodium (10' 5 M) . Tissues were 
challenged, after a 30 min pretreatment, with 10, 30 and 
100 Ml of antigen (162,000 protein nitrogen units/ml), 
contractions induced by antigen were expressed as a 
percentage of the contraction elicited by a maximally 
effective concentration of acetylcholine (100 mM) . Antigen 
produced dose-dependent increases in tension, which were 
blocked by heparin and nedocromil sodium (fig. 5) . 

Neither heparin nor nedocromil sodium affect the 
maximum response to acetylcholine. Likewise, dose response 
curves to acetylcholine were unaffected by any 
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concentration of heparin used. The addition of the heparin 
preservative benzyl alcohol did not reverse acetylcholine- 
induced contractions or inhibit antigen-induced 
contractions in sheep tracheal smooth muscle, as has been 
observed in dog bronchi* These results support our in vivo 
findings and suggest that heparin blocks immunologically 
tracheal smooth muscle contraction without affecting 
agonist induced contraction. This action is similar to 
that of the anti-asthma drug nedocromil sodium and may be 
related to inhibition of mast cell mediator release. 

EXAMPLE 8 

Effect of heparin on exercise-induced bronchoconstriction 
in patients with asthma (n=3^ . - Preliminary studies were 
conducted in 3 subjects with history of marked exercise- 
induced bronchoconstriction (EIB) . These subjects were 
studied on 3 different days, 7 days apart. On day 1, after 
obtaining resting pulmonary function tests, the subjects 
were screened for EIB. The subjects exercised on a 
treadmill, with increasing speed and degree of inclination, 
until their heart rate reached 85% of predicted maximum. 
The achieved exercise work-load was then continued for 10 
min. Throughout the study, the heart rate was monitored 
continuously with an EKG. Minute ventilation, estimated 
with a calibrated respiratory inductive plethysmograph, 
measuring specific airway conductance (SG au ) before, 
immediately after the exercise, and serially every 5 min 
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for 3 0 min post-exercise. 

After the initial screening day / the subjects 
were studied on 2 separate days, in a single-blind 
randomized fashion. The work-load estimated on the initial 
screening day was kept constant on the two test days. The 
subjects were pretreated with an aerosol (4ml) of either 
heparin (l f 000 units/kg) or a placebo solution (0.01 ml/ml 
benzyl alcohol in bacteriostatic injection water) . SG flM 
was obtained before and 45 min after nebulization of 
heparin or placebo solution. Exercise challenge was then 
performed, as stated above, and measurements of SG were 

aw 

obtained immediately after exercise and every 5 min for 30 
min post-exercise. On both test days, the heart rate and 
minute ventilation were monitored as on a control day. 

These studies in 3 subjects demonstrated that 
inhaled heparin (at a dose which blocked compound 48/80 and 
antigen-induced bronchoconstriction in sheep, i.e. 1,000 
units/kg) markedly attenuated EIB (fig. 6) . Both the 
magnitude as well as the duration of EIB were attenuated. 

It has thus been shown that there are provided a 
method and compositions which achieve the various objects 
of the invention and which are will adapted to meet the 
conditions of practical use. 

As various possible embodiments might be made of 
the above invention, and as various changes might be made 



SUBSTITUTE SHEET 



WO 93/19734 



PCT/US93/02880 



23 

in the embodiments set forth above, it is to be understood 
that all matters herein described are to be interpreted as 
illustrative and hot in a limiting sense. 

What is claimed as new and desired to be 
protected by Letters Patent is set forth in the following 
claims. 
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I CIAIM: 

1. A method of treating a patent suffering from 
antigen-induced or exercise- induced asthma comprising the 
intrabronchial administration to the patent of an inhalant 
composition containing about 300 to about 2,000 units of 
heparin per kilogram of patient body weight in each dose. 

2. A method according to claim 1 wherein said 
patent is suffering from antigen- induced asthma. 

3. A method according to claim 2 wherein said 
patent receives one to about four doses of said composition 
per day. 

4. A method according to claim 3 wherein the 
patient receives from two to four doses of said composition 
per day. 

5. A method according to claim 1 wherein said 
patent is suffering from exercise-induced asthma. 

6. A method according to claim 5 wherein said 
patient receives one dose of said composition from about 
thirty minutes to about three hours before exercise. 

X. A method according to claim 6 wherein said 
patent receives an additional dose of said composition 
during or after exercise. 

8. A method according to claim 1 wherein said 
composition contains about 500 to about 1,000 units/kg of 
heparin per dose. 



6NSDOC1D <WO 9319734A1 t > 



SUBSTITUTE SHEET 



WO 93/19734 



PCT/US93/02880 



25 

9. A method according to claim 8 wherein said 
composition contains about 1,000 units/kg of heparin per 
dose. 

10. A method according to claim 1 wherein said 
heparin is commercial heparin. 

11. A method according to claim 1 wherein said 
heparin is a low molecular weight heparin or heparin 
fragment having an average molecular weight of about 1,500 
to about 6,000. 

12. A method according to claim 11 wherein said 
low molecular weight heparin or heparin fragment has an 
average molecular weight of about 4,000 to about 5,000. 

13. A method according to claim 1 wherein said 
heparin is a partially N-desulfated heparin or other non- 
anticoagulant heparin. 

14. A method according to claim 13 wherein said 
partially N-desulfated heparin has from about 25 to about 
85% of the N-sulfate groups of commercial heparin. 

15. A method according to claim 1 wherein said 
inhalant composition is a solution of heparin in an 
aqueous, pharmaceutically acceptable inhalant vehicle. 

16. A method according to claim 15 wherein said 

vehicle is isotonic saline or bacteriostatic water. 

17. A method according to claim 15 wherein said 
composition includes about 5,625 to about 37,500 units of 
heparin per milliliter. 
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18. A method according to claim 15 wherein said 
composition is administered by means of a pump or squeeze- 
actuated nebulizer. 

19. A method according to claim 15 wherein said 
composition further incudes an aerosol propellant and is 
administered via a metered aerosol dose inhaler. 

20. A method according to claim 1 wherein said 
inhalant composition comprises a powdered preparation of 
heparin intermixed with an inert powder acceptable for 
intrabronchial administration. 

21. A method according to claim 20 wherein said inert 
powder is lactose. 

22. A method according to claim 20 wherein said 
powder is administered via an aerosol dispenser. 

23. A method according to claim 20 wherein said 
powder is administered from a breakable capsule. 

24. A pharmaceutical composition for treatment of a 
patent suffering from antigen- induced or exercise-induced 
asthma comprising about 300 to about 2 f OO0 units of heparin 
per kilogram of patent body weight in each dose in a 
pharmaceutical^ acceptable inhalant vehicle. 

25. A composition according to claim 24 which 
comprises about 500 to about 1,000 units/kg of heparin per 
dose. 

26. A composition according to claim 25 which 
comprises about 1,000 units/kg of heparin per dose. 
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27. A composition according to claim 24 wherein said 
heparin is commercial heparin. 

28. A composition according to claim 24 wherein said 
heparin is a low molecular weight heparin or heparin 
fragment having an average molecular weight of about 1,500 
to about 6,000. 

29. A composition according to claim 28 wherein said 
low molecular weight heparin or heparin fragment has an 
average molecular weigh of about 4,000 to about 5,000. 

30. A composition according to claim 24 wherein said 
heparin is a partially N-desul fated heparin or other non- 
anticoagulant heparin. 

31. A composition according to claim 3 0 wherein said 
partially N-desulfated heparin has from about 25 to about 
85% of the N-sulfate groups of commercial heparin. 

32. A composition according to claim 24 wherein said 
vehicle is an aqueous liquid. 

33. A composition according to claim 32 wherein said 
liquid is isotonic saline or bacteriostatic water. 

34. A composition according to claim 32 which 
includes about 5,625 to about 37,500 units of heparin per 
millimeter. 

35. A composition according to claim 32 which 
additionally includes an aerosol propellant. 

36. A composition according to claim 24 wherein said 
vehicle is a powder. 
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37. A composition according to claim 3 6 wherein said 
powder is lactose. 
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METHOD AND COMPOSITION FOR TREATING 
ANTIQBN- INDUCED AND EXERCISE— INDUCED ASTHMA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to methods of preventing 
and reversing the symptoms and manifestations of asthma. 

2. pggcriptipn <?f the Prior Art 

Chronic asthma can be considered to be 
predominantly an inflammatory disease with associated 
bronchospasm. The degree of reactivity and narrowing of 
the bronchi in response to stimuli is greater in asthmatics 
than in normal individuals. Persistent inflammation is 
responsible for the bronchial hyperreactivity* Mucosal 
edema and mucus plugging and hypersecretion may be present; 
pulmonary parenchyma is normal. Airway narrowing may 
reverse spontaneously or with therapy. Type l (immediate) 
immune responses may play an important role in the 
development of asthma in children and many adults; however, 
when onset of disease occurs in adulthood , allergic factors 
may be difficult to identify. Exposure to cold dry air, 
exercise and other aggravating factors also may trigger 
asthma . 

The most common symptoms of asthma are 
breathlessness and chest tightness; wheezing, dyspnea, and 
cough also are prominent. Reduced pulmonary function 
typical of obstructive rather than restrictive airway 
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disease is usually observed. Asymptomatic periods often 
alternate with paroxysms. 

Of the known triggers of asthma, allergens and 
exercise have received the most attention. Both are 
powerful, naturally occurring stimuli; exercise is a 
potential factor in the daily life of every asthmatic, 
whereas allergens only effect some persons with asthma. 
Nevertheless, more is known about the effects of antigen, 
and it is only in the last several years that interest in 
the pathophysiology and treatment of exercise- induced 
bronchoconstriction (EIB) has developed. The bulk of 
current evidence demonstrates that the essential stimulus 
for the development of the bronchoconstriction is a fall in 
the temperature of the airways secondary to heat and water 
loss, that occur during the conditioning of inspired air. 
If heat loss and airway cooling are prevented, obstruction 
to airflow does not develop, and if they are augmented by 
lowering the inspired air temperature and/or water content, 
or by increasing the level of ventilation, the obstruction 
proportionately worsens. 

Despite these developments, it is not yet known 
how airway cooling produces its effects. There are a 
series of observations in the literature which suggest that 
mediators of immediate hypersensitivity may play a role. 
Although the direct effect of physical stimuli like cold on 
primed asthmatic airway smooth muscle has been proposed by 
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some, others believe that these physical stimuli are 
capable of degranulating mast cells, thus suggesting a 
central role of mast cell mediators in EIB. This however 
remains controversial. Recently, it has been demonstrated 
that leukotriene antagonists may attenuate EIB, thus 
underscoring the importance of leukotrienes and not 
histamine release from mast cells during EIB. 

The general goals of drug therapy for asthma are 
prevention of bronchospasm and long-term control of 
bronchial hyperreactivity. Because it is usually not 
possible for either patient or physician to predict when 
bronchospasm may occur, patients with all but the most 
episodic and/or entirely seasonal attacks may require 
continuous therapy. 

Beta agonists are useful; they stimulate beta 2 - 
adrenergic receptors, increase intracellular cAMP, and 
inhibit the release of inflammatory mediators. Other 
useful drugs include theophylline and related xanthine 
drugs, which produce bronchodilation through unknown 
mechanisms; the biscromone, cromolyn, which prevents the 
release of mediator substances and blocks respiratory 
neuronal reflexes, and corticosteroids, which primarily 
decrease inflammation and edema. Anticholinergic drugs may 
relieve bronchospasm by blocking parasympathetic 
cholinergic impulses at the receptor level. Antihistamines 
occasionally prevent or abort allergic asthmatic episodes, 
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particularly in children, but they can only be partially 
effective in asthma because histamine is only one of many 
mediators . 

Standard treatment for exercise- induced asthma 
includes the use of an inhalant. Beta 2 -adrenergic agents 
administered 15 minutes before exercise provide some 
protection from broncho-constriction for up to four hours, 
and cromolyn sodium administered up to two hours prior to 
exercise may afford limited protection in some patients. 

The current drug modalities used for treatment of 
allergy-induced and exercise-induced asthma suffer from a 
number of drawbacks. m general, the conventional agents 
have a relatively short duration of action and must be 
repeatedly administered for prophylaxis. Moreover, because 
of serious adverse effects associated with the use of 
agents such as beta 2 - adrenergic agonists and 
corticosteroids, the therapeutic margin of safety with such 
agents is relatively narrow and patients using them must be 
carefully monitored. m the case of exercise- induced 
asthma or bronchoconstriction, the current treatment 
regimens are inadequate and often of only limited 
prophylactic value. 

SUMMARY OP THE J WENT TOM 

It is an object of the present invention to 
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provide a method and compositions for treatment of both 
antigen-induced and exercise- induced asthma which do not 
suffer from the drawbacks of the prior art. 

It is a further object of the present invention 
to provide a method and compositions for the treatment of 
asthma which have long-term prophylactic effects and are 
also effective in reversing the manifestations of an 
asthmatic episode. 

Still another object of the present invention is 
to provide a method and compositions as described above 
which are highly effective in preventing the onset of 
exercise-induced asthma. 

Yet a further object of the present invention is 
to provide a method and compositions as described above 
which are safe, simple and relatively inexpensive. 

In keeping with these objects and others which 
will become apparent hereinafter, the invention resides in 
a method of treating a patient suffering from antigen- 
induced or exercise-induced asthma through the 
intrabronchial administration to the patient of a 
pharmaceutical composition comprising from about 3 00 to 
about 2,000 units of heparin per kilogram of patient body 
weight in each dose, with about 1 to 4 doses administered 
daily. Novel inhalant heparin compositions are also 
provided in the form of liquid or powdered nebulizer or 
aerosol compositions containing suitable concentrations of 
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PRIBr DESCRIPTION or m dmwtmab 

FIG. 1 is a bar graph showing the effect of 
increasing doses of inhaled heparin on bronchoconstriction, 
with data given as mean ±SE% increase SR,^ (specific lung 
resistance) . 

FIG. 2 is a bar graph comparing the effects of 
benzyl alcohol, dextran sulfate and N-desulfated heparin on 
antigen-induced bronchoconstriction. The open bars 
represent control data, while post-drug treatment data are 
shown in hatched bars. 

FIG. 3 is a bar graph comparing the effects of 
inhaled heparin on bronchoconstriction responses induced by 
antigen, compound 48/80 and histamine. 

FIG. 4 is a bar graph showing the time-dependent 
inhibition of antigen-induced bronchoconstriction by 
inhaled heparin (1,000 units/kg). Data are shown as mean 
±SE. Starred values are significantly different from 
control (p<o.05). 

FIG. 5 includes four graphs showing the in vitro 
effects of heparin on antigen-induced tracheal smooth 
muscle contraction in sheep: 

5A - Shows the inhibition of antigen- induced 
contraction by increasing doses of heparin; the tension is 
plotted as a percent of the acetylcholine maximum reflected 
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in 5C. 

5B - Shows comparative inhibition by heparin (H) 
and nedocromil (NED) of antigen-induced tracheal muscle 
contraction . 

5C - Shows failure of heparin to modify 
acetylcholine-maximal tension. 

5D - Shows failure of heparin and nedocromil to 
modify acetylcholine-tracheal muscle contraction as shown 
by EC 50 . 

FIG. 6 includes bar graphs reflecting the effects of 
inhaled heparin (1,000 units/kg) on exercise-induced 
bronchoconstriction in 3 human subjects, with data shown as 
percent decrease in specific airway conductance (SG aw ) . 

DETAILED DESCRIPTION OF T HE INVENTION 
Heparin, a sulfated mucopolysaccharide, is 
synthesized in mast cells as a proteoglycan and is 
particularly abundant in the lungs of various animals. 
Heparin is not a specific compound of fixed molecular 
weight but is actually a heterogenous mixture of variably 
sulfated polysaccharide chains composed of repeating units 
of D-glucosamine and either L-iduronic or D-glucuronic 
acids. The average molecular weight of heparin isolated 
from animal tissues ranges from about 6,000 to about 3 0,000 
Da. 

Pharmacologically, heparin is known primarily as 
an anticoagulant. This activity results from heparin # s 
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ability to bind to some of the residues of antithrombin III 
(AT-III) , accelerating the neutralization by AT-III of 
activated clotting factors and preventing the conversion of 
prothrombin to thrombin. Larger amounts of heparin can 
inactivate thrombin and earlier clotting factors, 
preventing conversion of fibrinogen to fibrin. 

The anticoagulant activity of heparin is related 
to the molecular weight of its polysaccharide fragments; 
low molecular weight components or fragments (for example, 
fragments having a molecular weight of less than 6,000) 
have moderate to low antithrombin and hemorrhagic effects. 
Similarly, low molecular weight heparins isolated from 
animal tissue have reduced anticoagulant properties because 
they consist primarily of the lower molecular weight 
fragments or fractions. 

Commercial heparin, which is generally derived 
from beef lung or pork intestinal mucosa, has an average 
molecular weight of about 15,000-17,500. 

It has now been discovered, surprisingly, that 
heparin administered intrabronchially is a potent and long- 
acting inhibitor of bronchospasm and bronchoconstriction 
and is consequently of great value in preventing and 
treating asthmatic episodes. Accordingly, the method of 
the present invention comprises the intrabronchial 
administration to a patient suffering from antigen-induced 
or exercise-induced asthma of a pharmaceutical composition 
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containing about 300 to about 2,000 units of heparin per 
kilogram of body weight in each dose, and preferably about 
500 to about 1000 units/kg per dose. 

As a general rule, heparin dosage is prescribed 
in units rather than milligrams. The U.S. P. standard for 
minimal heparin potency is 120 units/mg of dry material 
derived from lung tissue and 14 0 units/mg of dry material 
derived from other sources, with the U.S. P. unit being 
about 10% greater than the international unit (IU) . The 
potency of commercial preparations ranges from 14 0 to 190 
units/mg. 

In accordance with the invention, a patient 
suffering from allergic or antigen- induced asthma is 
administered one dose of a heparin-containing inhalant 
composition from 1 to about 4 times daily, and preferably 
from 2 to 4 times daily, although more frequent 
administration can be utilized in the case of severe 
bronchospastic episodes. A patient suffering from 
exercise-induced asthma is administered one dose of a 
heparin-containing inhalant composition from about 3 0 
minutes to about 3 hours before exercising. Additional 
doses may be given as needed during and after exercise. 

Although it would be undesirable to administer 
heparin of significant anticoagulant potency to asthmatic 
patients in a manner which would cause the heparin to enter 
the bloodstream and induce hemorrhagic effects, it has been 
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discovered that even commercial heparin can be used in the 
method of the present invention without inducing such 
effects or increasing clotting time as measured by partial 
thromboblasts time (PTT) . it is believed that the lack of 
anticoagulant activity observed with intrabronchially 
administered heparin results from the facts that (a) only a 
small amount, perhaps not more than 10%, of the active 
ingredient in a dose of any inhalant composition actually 
remains in the lungs and acts on lung tissue, and (b) 
heparin apparently binds to various sites in the bronchial 
mucosa and does not escape into the general circulation to 
any significant degree. 

Nevertheless, it is preferred for purposes of the 
novel treatment methods to use as active ingredients low 
molecular weight heparins or heparin fragments having an 
average molecular weight of about 1,500 to about 6,000, and 
preferably from about 4000 to about 5000. Because of the 
reduced anticoagulant potency of the lower molecular weight 
heparin materials, there is little risk of adverse 
hemorrhagic effects associated with their usage; yet they 
exhibit excellent antiasthmatic properties. 

Examples of low molecular weight heparin which 
may be used in the method and compositions of the present 
invention include : Fraxiparine (Choay, Paris, France), 
Lovenox (Pharmuka, Gennevilliers, France), Fragmin 
(Kabivitrum, Stockholm, Sweden), OP 2123 (Opocrin, corlo, 
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Italy) , RD heparin (Hepar, Franklin, Ohio) , LHN-l (Novo, 
Copenhagen, Denmark) , CY222 (Choay) and unf ractionated 
porcine mucosal heparins of sodium salt: (Choay and Hepar) • 
Although the in vivo potency of these various materials may 
differ significantly in terms of antithrombotic activity, 
Doutremepuich et al., Thromb . Res . . 419-426 (1989), they 

are all useful as antiasthmatic agents. 

Natural and synthetic heparin fragments may also 
be used with great effectiveness in the subject method of 
treatment. Natural heparin fragments are those obtained by 
fractionation of commercial heparins by degree of affinity 
for ant i thromb in and subsequent extraction or chemical or 
enzymatic depolymerization to yield active and inactive 
fractions. Synthetic heparin fragments are sulfated 
oligosaccharides generally synthesized starting from 
glucose and glucosamine. Several examples of such 
fragments are set forth in Petitou, Nouv . Rev . Fr . 
Hematol . . 26: 221-226 (1984) , the disclosure of which is 
incorporated by reference herein. 

Another form of heparin which is of particular 
value for use in the present method because of its almost 
total lack of anticoagulant activity is partially. N- 
desul fated heparin. Whereas unf ractionated heparin 
contains 100% N-sulfate groups, partially N-desulfated 
heparin preparations may have only 25-85% N-sulfate groups. 
Many heparins of this type have been found to have high 
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antithrombotic activity and low hemorrhagic effects. 
Several examples of N-desul fated heparin preparations are 
disclosed in Sache et al., Thromb.B^. 55; 247-258 (1989) 
and Nagasava et al . , J. Bioeh^m. 989-993 (1977), the 

disclosures of which are incorporated by reference herein. 

Any other form of heparin or heparin fragment 
which has little or no anticoagulant activity may also be 
used in the method of the present invention. 

The term "heparin" as used hereinafter in 
unqualified form shall be understood as comprehending 
heparin (heparinic acid), commercial heparin, and those low 
molecular heparins, natural and synthetic heparin fragments 
or fractions, partially N-desul fated heparins and other 
non-anticoagulant heparins which exhibit anti- 
bronchospastic and anti-bronchoconstrictive activity. 

The inhalant heparin compositions used in the 
present invention may comprise liquid or powdered 
compositions of heparin suitable for nebulization and 
intrabronchial use or aerosol compositions administered via 
an aerosol unit dispensing metered doses. 

Suitable liquid compositions comprise heparin in 
an aqueous, pharmaceutical^ acceptable inhalant solvent, 
e.g., isotonic saline or bacteriostatic water. The 
solutions are administered by means of a pump or squeeze- 
actuated nebulized spray dispenser, or by any other 
conventional means for causing or enabling the requisite 
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dosage amount of the liquid composition to be inhaled into 
the patient's lungs. 

Suitable powder compositions include, by way of 
illustration, powdered preparations of heparin thoroughly 
intermixed with lactose or other inert powders acceptable 
for intrabronchial administration. The powder composition 
can be administered via an aerosol dispenser or encased in 
a breakable capsule which may be inserted by the patient 
into a device that punctures the capsule and blows the 
powder out in a steady stream suitable for inhalation. 

Aerosol formulations for use in the subject 
method typically include chlorof luorocarbon propellants, 
surfactants and co-solvents and my be filled into aluminum 
or other conventional aerosol containers which are then 
closed by a suitable metering valve and pressurized with 
propel 1 ant . 

The concentration of heparin in any vehicle 
suitable for use in accordance with the present invention 
must be sufficiently high to provide the required dose of 
about 3 00-2,000 units of heparin/kg. Thus, for example, if 
a metered dose aerosol dispenser administers 4 ml of liquid 
per dose, the concentration of heparin in the aerosol in 
the case of a patient weighing 75 kg should be 5,625-37,500 
units/ml . 

As those skilled in the pharmaceutical arts will 
appreciate, many conventional methods and apparatus are 
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available for administering precisely metered doses of 
intrabronchial medicaments and for regulating the desired 
dosage amount in accordance with patient weight and 
severity of the patient's condition. Moreover, there are 
many art-recognized liquid, powdered and aerosol vehicles 
suitable for the intrabronchial heparin composition of the 
present invention. The invention is not limited to any 
particular inert vehicles, solvents or carriers and is not 
restricted to any particular methods or apparatus or 
intrabronchial administration. 

The heparin compositions described herein provide 
highly effective and long-acting prophylaxis for antigen- 
induced and exercise-induced asthma. Many patients will 
require no more than two doses of intrabronchial heparin 
daily to remain symptom-free. 

The following examples illustrate the methods and 
compositions of the invention and set forth various studies 
and experiments performed on animal and human subjects with 
respect thereto. These examples are not intended, however, 
to set forth compositions, procedures or dosage regimens 
which must be utilized exclusively to practice the 
invention. 



EXAMPT.F i 

Effect Pf inhaled heparin ™ nn t iaen-inrt,,™* 
bronchoconst-ri ct ion Tnese experiments were conducted in 8 
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allergic sheep. Each animal was studied on 5 different 
experiment days, at least 2 weeks apart. For the control 
antigen experiment, after baseline measurements of specific 
lung resistance (SR.,) the sheep were challenged with 
aerosolized Ascaris smim antigen (400 breaths, 1:20 
dilution) , and measurements of SI^ repeated within 5 min. 
In order to evaluate the effect of aerosolized heparin on 
antigen* induced bronchoconstriction, on 3 separate days the 
sheep were pretreated with increasing doses of heparin 
(100, 300 and 1,000 units/kg), and antigen challenge was 
performed immediately thereafter. Measurements of Sf^ were 
obtained before and after nebulization of heparin, and 
immediately after the antigen challenge (12) . 

On two separate occasions inhalation challenge 
with Ascaris £]iiam antigen produced marked 

bronchoconstriction; mean ± SE SI^ increased by 367 ±119% 
and 314±88% above baseline, respectively (fig. 1) . Inhaled 
heparin per se had no effect on baseline SI^, but it 
attenuated the antigen-induced bronchoconstrictor responses 
in a dose-dependent fashion. Mean SR^ increased by 313 ± 
87%, 151 ±69% and 24 ± 20% above baseline with 100, 300 and 
1,0000 units/kg of heparin, respectively (fig. 1). The 
increases in SRL with 300 and 1,000 units/kg of heparin 
were significantly lower than antigen control (p<0.05). 

EXAMPLE 2 

Specificity of heparin action. - To study the specificity 
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of heparin action and to exclude the possibility that 
antiallergic action of heparin may be related to its ionic 
charge or alcohol preservative, additional experiments were 
conducted in allergic sheep on 3 separate days, and 
compared to control antigen data. Measurements of SR L were 
obtained before and after the sheep were pretreated with 3 
ml of either inhaled dextran sulfate (lOmg/kg) , benzyl 
alcohol preservative (O.Olml/ml) or De-N-sulf ated heparin 
(lOmg/kg). The sheep were then challenged with Ascaris 
S14UB antigen and measurements of SRL were repeated. The 
De-N-sul fated heparin dextran sulfate failed to attenuate 
the antigen- induced bronchoconstriction (fig. 2) . These 
findings suggested that the inhibitory action of heparin is 
not related to its anionic molecular charge or 
mucopolysaccharide structure, as demonstrated by failure of 
dextran sulfate to modify antigen- induced 

bronchoconstriction. Failure of heparin diluent to modify 
antigen-induced airway responses excluded any non-specific 
effects of alcohol preservative; whereas failure of De-N- 
sulfated heparin also demonstrated the specificity of 
heparin action and underscored the importance of N-sul fated 
group of heparin molecule in the mediation of its 
antiallergic action. 

Effect pf heparin on exp ound 4fi /no-induced 
bronchoconstriction fn=7) - m order to test whether 
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heparin modifies both immunologic and non- immunologic mast 
cell -mediated reactions, additional experiments were done 
in sheep challenged with compound 48/80 which causes non- 
immunologic, non-cytolytic mast cell degranulation. These 
experiments were conducted on 2 separate days. After 
baseline measurements of SR^ the sheep received an 
inhalation challenge with compound 48/80 (400 breaths, 5% 
solution) and measurements of SR^ were repeated immediately 
thereafter. On a different experiment day, the sheep were 
pretreated with aerosolized heparin (1,000 units/kg); 
measurements of S\ were obtained before and after heparin, 
and airway challenge with compound 48/80 was then 
performed, and measurements of SI^ repeated. Pretreatment 
with inhaled heparin (1,000 units/kg) markedly attenuated 
the compound 48/80-induced bronchoconstrictor responses; 
mean SR L increased by 3 5 ± 13% above baseline, which was 
lower than the increase in of 374 ± 72% with compound 
48/80 alone (p<0.05) (fig. 3). 

Effect of heparin on agonist-induced br onchoconstriction . 
- In order to exclude any direct effects of heparin on 
airway smooth muscle, we also studied the effect of inhaled 
heparin (1,000 units/kg) on carbachol (n=5) and histamine 
(n*8) induced brbnchoconstriction. After obtaining 
baseline measurements of SRl, the sheep were challenged with 
aerosolized carbachol (10 breaths, 2.5% solution) or 
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histamine (50 breaths, 5% solution) and measurements of SR L 
were repeated. On separate days, the sheep were pretreated 
with inhaled heparin (1,000 units/kg) and the agonist 
challenges were repeated immediately thereafter, as 
described above. 

The dose of inhaled heparin (1,000 units/kg) 
which markedly attenuated antigen- and compound 4 8/80- 
induced bronchoconstriction, failed to modify 
bronchoconstriction induced by carbachol and histamine. 
After carbachol challenge, mean SP^ increased by 652±73% and 
657±56% above baseline, without and following pretreatment 
with heparin, respectively (p-NS) . Aerosol histamine 
produced a similar degree of bronchoconstriction whether 
histamine was dissolved in buffered saline or in heparin 
solution foSR,=258 ±49% vs 175±40%) (fig. 3). 

EXAMPIJS 5 

Effegt of i nhaled heparin on partial thromboni n tiff - 
In order to exclude any effect of inhaled heparin on PTT, 
venous blood (5 ml) was obtained before and 20 min after 
nebulization of heparin (1,000 units/kg) for analysis of 
PTT (n-7) . The highest dose of inhaled heparin used in the 
study (1,000 units/kg) failed to modify the plasma partial 
thromboplastin time; mean values were 30+2 and 31 ± 2 
seconds before and after aerosol heparin (p=NS) . In 
subsequent experiments, we have also observed that inhaled 
heparin (1,000 units/kg) in sheep does not alter PTT, when 
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studied immediately after nebulization, or 6-12 hours post- 
heparin. These findings suggested that the antiallergic 
action of heparin is probably related to non-anticoagulant 
properties of heparin. 

EXAMPLE $ 

Pharmacodynamics of heparin action. - In this 
investigation, we studied the pharmacodynamics of 
antiallergic action of heparin. SR^ was measured in 8 sheep 
allergic to Ascaris fiuuiB antigen, before and after 
inhalation challenge with antigen. On 4 different days, 
antigen challenge was repeated after pretreatment with 
aerosol heparin (1,000 units/kg) administered 20 min, 6 : 
hrs, 12 hrs and 24 hrs prior to antigen challenge. SR^ 
(mean ±\SE) increased by 374 ±116% above baseline with 
antigen alone (p<0.05). Aerosol heparin attenuated the 
antigen effects in a time-dependent fashion. The peak 
inhibitory effect of aerosol heparin was observed at 20 min 
pretreatment, and the degree of inhibition decreased with 
time; SR L values were 31 ± 29%, 99 ± 38%, 142 ±40% and 
306±60% for 20 min, 6 hrs, 12 hrs, and 24 hrs 
pretreatments , respectively (fig. 4). From these 
pharmacodynamic studies we concluded that antiallergic 
effects of heparin are time-related and the peak effect of 
inhaled heparin is observed soon after administration. 
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EXAMPLE 7 

I n v j tr<? effects Of heparin on antigen- indu c ed tracheal j g 
P USg l g contract i on . - We have also tested the antiallergic 
actions of heparin by determining if heparin blocked 
immunologically-induced tracheal smooth muscle contraction 
AD vitjcfi. Tracheal smooth muscle was obtained from sheep 
allergic to Ascarjs suuffi antigen, and was suspended in an 
organ bath containing warmed (39°C) oxygenated (95% 0 2 , 5% 
C0 2 ) Krebs-Henseleit buffer. Tissues were allowed to 
equilibrate for 1 hr at resting tension of 1 g. After the 
equilibration period, the tissues were treated with heparin 
(injection USP, Elkin-Sinn) at concentrations of 10, 100, 
or 1000 ng/ml (final concentration in the bath) dissolved 
in 10 (il DMSO. Two types of controls were used: vehicle 
(10 Ml DMSO) treated tissues and tissues treated with the 
anti-asthma drug, nedocromil sodium (lO^M) . Tissues were 
challenged, after a 30 min pretreatment , with 10, 30 and 
100 Ml of antigen (162,000 protein nitrogen units/ml). 
Contractions induced by antigen were expressed as a 
percentage of the contraction elicited by a maximally 
effective concentration of acetylcholine (100 mM) . Antigen 
produced dose-dependent increases in tension, which were 
blocked by heparin and nedocromil sodium (fig. 5). 

Neither heparin nor nedocromil sodium affect the 
maximum response to acetylcholine. Likewise, dose response 
curves to acetylcholine were unaffected by any 
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concentration of heparin used. The addition of the heparin 
preservative benzyl alcohol did not reverse acetylcholine- 
induced contractions or inhibit antigen-induced 
contractions in sheep tracheal smooth muscle, as has been 
observed in dog bronchi. These results support our in vivo 
findings and suggest that heparin blocks immunologically 
tracheal smooth muscle contraction without affecting 
agonist induced contraction. This action is similar to 
that of the anti-asthma drug nedocromil sodium and may be 
related to inhibition of mast cell mediator release. 

EXAMPLE 8 

Effect of heparin on exercise- induced bronchoconstriction 
in patients with asthma fn«3). - Preliminary studies were 
conducted in 3 subjects with history of marked exercise- 
induced bronchoconstriction (EIB) • These subjects were 
studied on 3 different days, 7 days apart. On day 1, after 
obtaining resting pulmonary function tests, the subjects 
were screened for EIB. The subjects exercised on a 
treadmill, with increasing speed and degree of inclination, 
until their heart rate reached 85% of predicted maximum. 
The achieved exercise work-load was then continued for 10 
min. Throughout the study, the heart rate was monitored 
continuously with an EKG. Minute ventilation, estimated 
with a calibrated respiratory inductive plethysmograph, 
measuring specific airway conductance (SG aw ) before, 
immediately after the exercise, and serially every 5 min 
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for 3 0 min post-exercise. 

After the initial screening day, the subjects 
were studied on 2 separate days, in a single-blind 
randomized fashion. The work-load estimated on the initial 
screening day was kept constant on the two test days. The 
subjects were pretreated with an aerosol (4ml) of either 
heparin (1,000 units/kg) or a placebo solution (0.01 ml/ml 
benzyl alcohol in bacteriostatic injection water) . SG -M 
was obtained before and 45 min after nebulization of 
heparin or placebo solution. Exercise challenge was then 
performed, as stated above, and measurements of SG„ were 
obtained immediately after exercise and every 5 min for 3 0 
min post-exercise. On both test days, the heart rate and 
minute ventilation were monitored as on a control day. 

These studies in 3 subjects demonstrated that 
inhaled heparin (at a dose which blocked compound 48/80 and 
antigen-induced bronchoconstriction in sheep, i.e. 1,000 
units/kg) markedly attenuated EIB (fig. 6 ) . Both the 
magnitude as well as the duration of EIB were attenuated. 

It has thus been shown that there are provided a 
method and compositions which achieve the various objects 
of the invention and which are will adapted to meet the 
conditions of practical use. 

As various possible embodiments might be made of 
the above invention, and as various changes might be made 
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in the embodiments set forth above, it is to be understood 
that all matters herein described are to be interpreted as 
illustrative and not in a limiting sense. 

What is claimed as new and desired to be 
protected by Letters Patent is set forth in the following 
claims. 



RN^nnrin *wr> gtio7:wai ia 



SUBSTITUTE SHEET 



NVO 93/19734 



PCT/US93/02880 • 



24 

I CLAIM: 



1. A method of treating a patent suffering from 
antigen-induced or exercise-induced asthma comprising the 
intrabronchial administration to the patent of an inhalant 
composition containing about 300 to about 2,000 units of 
heparin per kilogram of patient body weight in each dose. 

2. A method according to claim 1 wherein said 
patent is suffering from antigen- induced asthma. 

3. A method according to claim 2 wherein said 
patent receives one to about four doses of said composition 
per day. 

4. A method according to claim 3 wherein the 
patient receives from two to four doses of said composition 
per day. 

5. A method according to claim 1 wherein said 
patent is suffering from exercise-induced asthma. 

6. A method according to claim 5 wherein said 
patient receives one dose of said composition from about 
thirty minutes to about three hours before exercise. 

7. A method according to claim 6 wherein said 
patent receives an additional dose of said composition 
during or after exercise. 

8. A method according to claim l wherein said 
composition contains about 500 to about 1,000 units/kg of 
heparin per dose. 
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9. A method according to claim 8 wherein said 
composition contains about 1,000 units/kg of heparin per 
dose. ' 

10. A method according to claim 1 wherein said 
heparin is commercial heparin. 

11. A method according to claim 1 wherein said 
heparin is a low molecular weight heparin or heparin 
fragment having an average molecular weight of about 1,500 
to about 6,000. 

12. A method according to claim 11 wherein said 
low molecular weight heparin or heparin fragment has an 
average molecular weight of about 4,000 to about 5,000. 

13. A method according to claim 1 wherein said 
heparin is a partially N-desul fated heparin or other non- 
anticoagulant heparin. 

14. A method according to claim 13 wherein said 
partially N-desulfated heparin has from about 25 to about 
85% of the N-sulfate groups of commercial heparin. 

15. A method according to claim 1 wherein said 
inhalant composition is a solution of heparin in an 
aqueous, pharmaceutical^ acceptable inhalant vehicle. 

16. A method according to claim 15 wherein said 

vehicle is isotonic saline or bacteriostatic water. 

17. A method according to claim 15 wherein said 
composition includes about 5,625 to about 37,500 units of 
heparin per milliliter. 
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18. A method according to claim 15 wherein said 
composition is administered by means of a pump or squeeze- 
actuated nebulizer. 

19. A method according to claim 15 wherein said 
composition further incudes an aerosol propellant and is 
administered via a metered aerosol dose inhaler. 

20. A method according to claim 1 wherein said 
inhalant composition comprises a powdered preparation of 
heparin intermixed with an inert powder acceptable for 
intrabronchial administration. 

21. A method according to claim 20 wherein said inert 
powder is lactose. 

22. A method according to claim 20 wherein said 
powder is administered via an aerosol dispenser. 

23. A method according to claim 20 wherein said 
powder is administered from a breakable capsule. 

24. A pharmaceutical composition for treatment of a 
patent suffering from antigen-induced or exercise- induced 
asthma comprising about 300 to about 2,000 units of heparin 
per kilogram of patent body weight in each dose in a 
pharmaceutically acceptable inhalant vehicle. 

25. A composition according to claim 24 which 
comprises about 500 to about 1,000 units/kg of heparin per 
dose. 

26. A composition according to claim 25 which 
comprises about 1,000 units/kg of heparin per dose. 
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27. A composition according to claim 24 wherein said 
heparin is commercial heparin. 

28. A composition according to claim 24 wherein' said 
heparin is a low molecular weight heparin or heparin 
fragment having an average molecular weight of about 1,500 
to about 6,000. 

29. A composition according to claim 28 wherein said 
low molecular weight heparin or heparin fragment has an 
average molecular weigh of about 4,000 to about 5,000. 

30. A composition according to claim 24 wherein said 
heparin is a partially N-desul fated heparin or other non- 
anticoagulant heparin. 

31. A composition according to claim 3 0 wherein said 
partially N-desulfated heparin has from about 25 to about 
8 5% of the N-sulfate groups of commercial heparin. 

32. A composition according to claim 24 wherein said 
vehicle is an aqueous liquid. 

33. A composition according to claim 32 wherein said 
liquid is isotonic saline or bacteriostatic water. 

34. A composition according to claim 32 which 
includes about 5,625 to about 37,500 units of heparin per 
millimeter. 

35. A composition according to claim 32 which 
additionally includes an aerosol propellant. 

36. A composition according to claim 24 wherein said 
vehicle is a powder. 
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37. A composition according to claim 3 6 wherein said 
powder is lactose. 
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